Telomeres are specialized regions of repetitive sequences that found at each end of chromosomes and have an important function in protecting the genomic integrity. In the absence of telomerase functioning in the proliferating cells, every mitotic division progressively shorten telomeres which ultimately leads to senescence of the cells. Therefore, shortening of telomeres' length is recognized as a mechanism having important functional implications and believed to reflect cellular ageing. However, shortening of telomeres is not the only factor which determines destiny of the cells. Another critical factor affecting this fate is the presence of telomerase which is a polymerase ezyme buffering telomere shortening. Telomere biology has been implicated not only in the cell ageing process, but also in multiple aging-associated conditions and diseases.The critical roles of temomeres and telomerase in cellular ageing and possibly in disease have been demonstrated in recent studies. The experimental findings indicate oxidative stress as a key determinant for telomere shortening which may lead to the hypothesis of telomerase levels may be evaluated as a response to oxidative stress. Oxidative stress is recognized as one of the primary pathogenetic mechanisms involved in COPD, and in particular COPD exacerbation. Our recent finding indicates that the serum levels of telomerase were increased in COPD patients during the attack period.
Telomers are heterochromatic regions consisting of specialized noncoding repetitive sequences of DNA 1, 2 . Telomeric DNA sequences have different structure and functions than the other DNA sequences and a basic biologic function [1] . It was found in the organism which telomer structure could be studied that this structure is basically same, but contains different repeats [2] . For example; the sequence of nucleotides in telomeres is TTAGGG in vertebrates and TTGGGG in tetrahymena which is a ciliated protozoan 2 . Telomeric regions of DNA were first identified in the late 1970s in the chromosomes of ciliates followed by yeasts and other organisms [3] .
Telomers are structured with T-loops and D-loops [4] . Telomere-binding proteins fold back to form T-loop structure of telomeres [5] . Whereas in D-loop, the guanine-rich strand (the G strand) forms a single-stranded (ss) DNA overhang at the very ends (the G tail) which is thought to invade telomeric duplex DNA to form a D-loop structure [4] .
Telomer binding proteins are divided into two groups as double-stranded binding proteins (e.g. TRF1, TRF 2 and Tin2 "negative regulators of telomeres" in human) and single-stranded binding proteins (e.g. POT1 veTPP1 "positive regulators of telomeres" in human") [6] . TRF 1
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proteins binds to telomeric repeats in double-stranded DNA and limit the elongation of chromosome ends by suppressing tehomerase enzyme. TRF1 is also named as "TTAGGG Repeat-Binding Factor" since it specifically recognize TTAGGG sequences in mammal telomers. TRF2 contains a greater number of basic amino acids in amino terminal and protects structure of telomers by preventing end-to-end fusions of chromosomes. The section of telomers consisting of "TTAGGG" sequence repeats and telomere binding proteins is termed as telosome 7 . Telomers with T-loops and related proteins and structures protects the ends of chromosomes against DNA damage. There are 6 telomere specific proteins "Shelterin" complex that play a role in the formation and stabilization of T-loop structure; among these TRF1, TRF2 and POT1 directly attach to TTAGGG repeats and bind to each other with TIN2, TPP1 and Rap1 proteins [7] .
In 1961, it has been discovered that telomers are involved in the protection of genetic material during replication through telomere binding proteins and telomere specific DNA sequences [8] . In a study with human fibroblasts, Hayflick observed the "loss of telomers" [9] . There are two mechanism to eliminate loss of telomers; first is the de novo senthesis of telomeric repeat sequences using active telomerase primary which is a reverse transcriptase enzym and the second mechanism is caused by the pathway of the alternative lengthening of telomeres. This pathway remains unknown, although telometric repeats are resulted from homologous recombinations occurring amongst themselves [8] . According to the "loss of telomer" hypothesis, telomers found in the ends of chromosomes decrease in certain amount with each division, causing ageing and telomerases play a role in completion of the terminal region of DNA. The terminal end protects chromosomes against external impacts such as recombination, destruction, gene expresson and fusion. In addition, telomers that provide maintenance of the integrity of chromosomes are involved in tumor formation, ageing and cell division [9] .
Telomerase enzyme (telomere terminal transferase, telomere deoxynucleotidyl transferase) is a specialized DNA ribonucleoprotein polymerase responsible for the senthesis of "TTAGGG" repeats in chrosomal ends. Telomerase enzyme was discovered for the first time in tetrahymena by Greider and Blackburn and later demonstrated by Morin in human HeLa cells. This enzyme is activated in embriyonic cells and adult stem cells, whereas normal somatic cells do not express it. However, it is activated again in immortal cancer cells [10] . Telomerase enzymes are found in germ cells, emryonic stem cells, unicellular eukaryotes and cancer cells [4] .
Telomerase activity in needed for the protection of telomers, because DNA polymerases do not completely replicate DNA ends. Except for certain tissues that have the potential of proliferation and ability to renewal themselves, telomerase activity is generally inactive innormal somatic cells. Therefore, telomerase activity is of paramount importance for maintaince of telomeres at a constant length and for continuation of the progression or growth of cancer cells [11] .
In a study by Olovnikov, it has been reported that shortenening of telomers may lead to death and limit the proliferation in somatic cells, causing cell ageing [12] . The systems responsible for the elongation of telomers in normal tissues do not maintain their activity during division. Thus, telomers are shortened during cellular division. Telomere length is determined by replicative life span of the cells. When telomers are shortened to a critical length, ageing programme is activated. Thereafter, the cell stops dividing. However, they continue to live and function. Maintenance of telomers is actively performed in germ cells because of the necessity to transfer chromosomes to the next generation. This occurs with the activity of telomerase enzyme which takes part in telomere replication. Several studies have been conducted in cells of persons with different ages, pre-culture of human fibroblasts and some cancer cells in order to enlighten the relationship between telomere length and age, and telomer length has been found to decrease with increased rate and age of cell division [12] . Length of telomeres is determined not only by genetic, but also by several environmental factors. Telomeres are highly suspectible to damage by oxidative stress because of their high content of guaninine residues. Oxidative DNA damage is thought to make a greater contribution to the loss of telomeres compared to the 'end-replication problem' [13] . Prolonged oxidative damage also strikingly reduces telomerase activity, thus accelerating the shortening of telomeres in vascular smooth muscle cells and endothelial cells [14] . On the contrary, adding antioxidants prolongs telomerase activity and decelerates the shortening of telomeres in cultured cells [15] . A higher level of oxidized low-density lipoprotein (LDL) has been found to be associated with a shorter length of leucocyte telomeres and increased stiffness of the carotid artery [16] . Also a significant correlation has been found between psychological and life stress and higher levels of oxidative stress, shorter lengths of leucocyte telomeres and lower telomerase activity. In patients with chronic heart failure, decreased perceived mental health has been associated with shorter leucocyte telomeres [17] . Most dramatically, chronic and serious illness, undesirable life events, even childhood mistreatment have been found to be correlated with shorter telomeres in later periods of life [18] . Smoking habit is characteristically correlated with increased levels of inflammation and oxidative stress, in parallel with the shortening of telomere length [16] . Telomeres tend to be shorter in female smokers and smoking reduces length of telomeres by a dose-dependent manner [19] . In a recent study, Yim et al. found that the levels of telomerase activity in the mid-passage of normal human bronchial epithelial (HBE) cell cultures were higher in smokers compared to non-smokers, and demonstrated a strong correlation between the number of pack-years and the levels of telomerase activity. Although a direct cause and effect relationship can not be drawn from these findings, nevertheless the result of that study suggest that exposure to carcinogens in tobacco might result in higher levels of telomerase activity in the epithelium, thus indicating a particular molecular alteration associated with the lifespan change in these cells [20] .
Oxidative stress is believed to be one of the key pathogenetic mechanisms involved in COPD, and especially in COPD exacerbation [21] . The increased oxidative stress in patients with COPD is caused by the increased amount of reactive oxygen species (ROS) releasing from leucocytes of by oxidants existing in tobacco smoke which are both found in blood and airspaces [22] . It is recognized that accumulation of oxidative damage play a crucial role in aging and age-associated diseases and oxidative stress may be involved as a common trigger in activation of the senescence programme. In recent studies, telomeric DNA sequences have been reported to be particularly prone to chromosomal breakage with their GGG-triplets being favourable targets for ROS [23] . Administration of oxidants directly to cells has been stated to damage DNA and break polyguanosine sequences in telomere repeats, leading to telomere shortening, cell cycle arrest and replicative senescence [24] . Furthermore, effectiveness of telomeres in repair of single-strand breaksis lower compared with the bulk of the genomic DNA [25] andoxidative stress accelerates the loss of telomeres, while antioxidants decelerate it [13] . It has been shown that, mild chronic oxidative stress induced by perturbation of the glutathione redox cycle resulted in accelerated downregulation of telomerase activity and enhanced telomere erosion [26] .
It was also reported in a recent study that the telomeres were shorter in the lungs of patients with emphysema than unaffected subjects with a similar amount of exposure to tobacco smoke [27] . However, there is no any animal model investigating the role of telomere length as a determinant of lung disease due to tobacco smoke, which is defined genetically. In a study by Joyce et al., telomere length was found to be significantly shorter in the leukocytes of COPD patients than in healthy and age-matched control subjects, suggesting that increased oxidative stress plays a significant role in the shortening of telomeres [28] .
We hypothesized that the levels of the enzyme telomerase might be in fact associated with oxidative stress, with increased oxidative stress leading to higher levels of telomerase. Accordingly, in our previous study, we aimed to investigated serum levels of telomerase in asymptomatic smokers and subjects with COPD attacks. The telomerase level was found higher in a subject with COPD exacerbation. Although these findings do not definitely reflect a direct causative relationship, we believe that telomerase may be recognized as the primary marker of inflammation-related diseases (and oxidative stress) like the systemic pathophysiological process, i.e. COPD. In conclusion, the findings of our previous study suggest that an impaired balance between oxidants and antioxidants in favour of oxidants is associated with increased levels of telomerase [29] .
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